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Peptides Shorter Than a Minimal CTL Epitope May Have a Higher Binding Affinity 
Than the Epitope for the Class I K*" Molecule^ 
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A previously published K'-specific motif was used to predict that an optimal K''-restricted epitope within the nucleo- 
protein (NP) of influenza A/PR/8/34 virus corresponds to sequence SDYEGRLI (residues 50-57). Although this is the 
minimal epitope recognized by murine cytotoxic T tymphocytss (CTL). its binding affinity for the K" molecule is in- 
creased following removal of either the N-termlnai amino acid residue (S) or the N-terminal dipeptlde (SD). A possible 
explanation for this unexpected result is that interactions between the C-tenminus of the epitope and the K' molecule 
contribute to the binding energy to a much greater extent than interactions between the N-terminus of the epitope and 

the K" molecule. © 1993 Academic Press. Inc. 



Infection by influenza A virus is followed by a vigor- 
ous CTL response in nnouse and man, which is di- 
rected predominantly against viral internal proteins (/) 
that undergo little genetic variation (2). The CTL re- 
sponse is thought to be important in limiting the spread 
of viral infection and in clearing viral disease (3-5), al- 
though experiments using transgenic mice deficient in 
/Sa-microglobuiin (/J^m) indicate that class l-restricted 
CTL are not essential for the clearance of influenza 
virus {6, 7). CTL generally recognize short peptides 
bound to syngeneic MHC class I molecules (S). These 
peptides are derived in vivo by cytoplasmic processing 
that might involve the proteasome (9, 10), although re- 
cent publications suggest that the proteasome may 
not be involved in the processing required for presenta- 
tion of some epitopes { / /, 12). The peptide epitopes 
are thought to be then transported via an ATP-depen- 
dent membrane transporter ( /3) into a pre-Golgi com- 
partment, probably the endoplasmic reticulum {14). 
where they form a complex with MHC class I heavy 
chains and /Jjm. The MHC class l-peptide complexes 
are then transported via the Golgi to the cell surface. 
Recent crystallographic evidence has suggested that 
hydrogen bonding between the two charged termini of 
a peptide epitope and "conserved" class I residues 
located at either end of the peptide binding cleft might 
be expected to contribute significantly to the binding 
affinity (15-19). Disruption of these hydrogen bonds 
might therefore be expected to significantly reduce the 
binding affinity {20). 

Epitopes that are restricted by a particular MHC 
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class I allele share a specific motif [21, 22). and a previ- 
ously published K''-specific motif [23) has recently been 
used to successfully predict the sequence of a minimal 
K^-restricted epitope within the nonstructural NSl pro- 
tein of influenza A/PR/8/34 virus {24). This motif con- 
sists of a glutamic acid or, less frequently, an aspartic 
acid at position 2. and an isoleucine at the C terminus 
of a peptide eight or nine residues long {23). This K"- 
specific motif was also used to predict a minimal K''- 
restricted epitope within the NP of influenza A/PR/8/34 
virus, con-esponding to the sequence SDYEGRLI {resi- 
dues 50-57) {23). Although this octapeptide had been 
shown to be much more efficient than a longer peptide, 
sequence SDYEGRLIQNSLTI (residues 50-63). at sen- 
sitizing target cells for lysis by an NP-specific murine 
CTL clone (23). evidence that it is the minimal or opti- 
mal epitope was not available. 

To provide such evidence, the octapeptide 
SDYEGRLI and four other peptides homologous to this 
sequence but extended or truncated by one residue at 
either the amino or the carboxyl terminus were synthe- 
sized and HPLC purified. These peptides were tested 
(Fig. 1 a) over a range of concentrations in the presence 
of L929 target cells (H-2K''D'0 for recognition by an NP- 
speclfic K''-restricted CTL clone JNP3, in a standard 
5-hr *'Cr-release assay (25). Peptides SDYEGRLI and 
LSDYEGRLI were equally efficient at sensitizing target 
cells to lysis, and each gave half-maximal lysis at a 
concentration of approximately 10"' M (Fig. la). Pep- 
tide SDYEGRLIQ was recognized less efficiently (half- 
maximal lysis at approximately 5 x 10"^ M). and the 
shorter peptides DYEGRLI and SDYEGRL were not rec- 
ognized over the range of concentrations tested (Fig. 
la). Thus peptide SDYEGRLI was the minimal NP epi- 
tope recognized by JNP3, but the optimal epitope 



0042-6822/93 $5,00 

Copyright © 1 993 by Academic Press. Inc. 



852 



SHORT COMMUNICATIONS 



a 

100 




lO" 10^ 10^ 10-^ 

PEPTIDE CONCENTRATION (M) 




10 100 1000 



PEPTIDE CONCENTRATION (,\iM) 

SDYEGRLI -a- DVEGRLI 
-O-LSDYEGRLI -a- YEGRLI 
-m- SDYEGRLIQ SDYEGRL 

FiQ. 1. (a) Recognition o! NP peptides in a ^'Cr-release assay. 
''Cr-labeled L929 target cells were incubated with JNP3 effector 
cells at an effectorrtarget ratio of 5:1 for 5 hr in the presence of 
varying concentrations of peptide as lr»dicated. CTL clone JNP3 was 
derived by limiting dilution of a previously established NP-specific 
polyclonal CTL line (25) and was maintained as described elsewhere 
(25), using feeder cells that had been preincubated for 30 min with 6 
fiM peptide SDYEGRLI. {b) Functional competition assay to measure 
the relative binding affinities of the NP peptides. *'Cr-labeled L929 
target cells were incubated with HAS effector cells at an effector:tar- 
get ratio of 5:i in the presence of 2 nM HA peptide epitope 
lEGGWTGMIDGW and varying concentrations of competing NP pep- 
tide as indicated, for 5 hours. % inhibition was calculated as 1 00 x 
(f% specific lysis no competitionj - % specific lysis with competi- 
t(on])/[9b specific lysis no competition], 

could not be defined because the titration curves of 
peptides SDYEGRLI and LSDYEGRLI were indistin- 
guishable (but see below). 

The relative binding affinities of the above NP pep- 
tides for the K'' molecule were measured using an indi- 



rect functional competition assay (24). Briefly. L929 
target cells were incubated with HAS effector cells {a 
ctoned hemaggfutinin-specific CTL recognizing the 
epitope lEGGWTGMI {23}). in the presence of 2 fiM 
hemagglutinin (HA) suboptimal epitope lEGGWTG- 
MIDGW (23) and varying concentrations of competing 
NP peptide. The percentage of inhibition was calcu- 
lated for the various peptide concentrations tested, 
and the results are plotted in Fig. 1 b. The minimal epi- 
tope SDYEGRLI competed efficiently with the subopti- 
mal HA epitope for binding to the K" molecule as ex- 
pected, and a 100-fold molar excess of peptide 
SDYEGRL! gave about 50% inhibition. By contrast, 
peptide SDYEGRL (lacking the C-terminal I of the K" 
motif) did not inhibit recognition of the HA epitope over 
the range of concentrations tested. This was ex- 
pected, firstly because the hydrogen bonds between 
the charged C-terminus of the peptide and the con- 
served K'' residues in the binding cleft would be 
disrupted, and secondly because the peptide lacked 
the C-terminal isoleucine anchor residue, thereby de- 
stabilizing the interaction with a binding pocket in the 
K'= molecule. The longer peptides LSDYEGRLI and 
SDYEGRLIQ did not significantly inhibit recognition of 
the sub-optimal HA epitope, thus indicating that these 
two NP peptides had low binding affinities for the K* 
molecule relative to the minimal epitope (Fig. la). The 
naturally processed epitope would be expected to 
have a higher binding affinity than extended or trun- 
cated peptides for the restricting class I molecule. 
Therefore, peptide SDYEGRLI is strongly implicated as 
being the optimal epitope recognized by the CTL clone 
JNP3 because, compared with peptide LSDYEGRLI. it 
has a higher binding affinity for the K'^ molecule. 

Removal of the N-terminal serine residue from the 
optimal epitope SDYEGRLI significantly increased the 
binding affinity for the K*" molecule (Fig. 1 b), and a 1 00- 
foid molar excess of peptide DYEGRLI gave 95% inhibi- 
tion. This was unexpected, because removal of the 
N-terminal residue might be expected to disrupt the 
hydrogen bonds between the charged N-terminus of 
the peptide and "conserved" K'' residues within the 
binding cleft (24) and thus result in a significant de- 
crease in the binding affinity, similar to that obsen/ed 
following the removal of the C-terminal residue (Fig. 
1 b). Because this peptide was not recognized by JNP3 
(Fig. 1a), the N-terminal serine is likely to be a T cell 
receptor (TCR) contact residue. In order to examine the 
effect of a further deletion at the N-terminus. peptide 
YEGRLI (lacking the N-terminal serine and aspartic 
acid) was synthesized and HPLC purified. This peptide 
was expected to be a very poor inhibitor, because not 
only should the hydrogen bonds between the charged 
N-terminus and the molecule be disrupted, but also 
the aspartic acid anchor residue (23) had been deleted. 
The relative binding affinity of this peptide was mea- 
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TABLE 1 



Inhibition of Recognition of the Minimal HP EPrroPE SDYEGRLI by 
THE Truncated Peptide YEGRLI 



Concentration of YEGRLI OtM) 


% Inhibition' 


20 


36 


100 


75 


200 


82 


400 


88 



* Relative binding affinity of peptide YEGRLI was measured using 
an indirect competition assay (24). '^'Cr-labeled L929 target cells 
were incubated with NP-specific polyclonal CTL effector cells at an 
effector:t3rget ratio of 5;1 in the presence of 10"' M HP minimal 
epitope SDYEGRLI and various concentrations of competing peptide 
YEGRLI, as indicated. The specific lysis in the absence of competing 
peptide was 75%. The experiment was can-ied out three times, and 
this is an example of one set of results. 



sured in a functional competition assay (see above), 
and unexpectedly peptide YEGRLI was as efficient as 
peptide DYEGRLI in that 1 00-fold molar excess gave 
95% inhibition (Fig. 1 b). Peptide YEGRLI was not recog- 
nized by JNP3 in a '^'Cr-reSease assay (Fig. la). 

Because our assay for the binding of peptides to the 
MHC class I K'' molecule is an indirect competition as- 
say, it is possible that peptide YEGRLI might not actu- 
ally bind to the K'^ molecule, but might instead bind to 
the antigen binding site on the TCR of CTL clone HAS, 
which would inhibit recognition of the HA epitope. This 
hypothesis was rejected, however, because peptide 
YEGRLI also efficiently inhibited recognition of the min- 
imal peptide epitope SDYEGRLI by NP-specific polyclo- 
nal CTL (Table 1). This provided further evidence that 
peptide YEGRLI was binding specifically to the mole- 
cule. 

A possible explanation for the high binding affinity of 
peptide YEGRLI for the K*^ molecule is that this peptide 
was binding to the K'' molecule in a highly extended 
conformation, with the glutamic acid residue at posi- 
tion 2 interacting as an anchor residue with the mole- 
cule (analogous to the aspartic acid residue in the epi- 
tope SDYEGRLI). However, molecular modelling indi- 
cated that peptide YEGRLI cannot be extended 
sufficiently to permit this, nor allow the formation of 
hydrogen bonds between both the N and the C termini 
of the peptide and conserved K'' residues at each end 
of the binding cleft (Dr. P. Driscoll, personal communi- 
cation). These conserved K'' residues are Y59, Y1 59 
and Y1 7 1 which interact with the N terminus, and Y84, 
T143, K146, and W147 which interact with the C ter- 
minus of the epitope {24]. This, together with the fact 
that deletion of the C-terminal isoleucine residue signifi- 
cantly decreased the binding affinity of the epitope for 
the molecule, whereas removal of the first two N-ter- 
minai residues did not, suggests that the hydrogen 



bonds between the C terminus, but not the N terminus, 
of the epitope SDYEGRLI and the conserved K'' resi- 
dues are maintained for peptide YEGRLI. An implica- 
tion of these results is that the interactions between 
the isoleucine residue at the C terminus of the epitope 
SDYEGRLI contribute to the binding affinity tor the 
molecule to a much greater extent than the interac- 
tions between the ISI terminal residues and the K'' mole- 
cule. A possible explanation for the high binding affinity 
of peptide YEGRLI relative to that of the epitope is that 
residues YEGR of peptide YEGRLI might be making 
more favourable interactions than the corresponding 
residues in the epitope SDYEGRLI with the K*' mole- 
cule. 

This is the first report in which truncation of a mini- 
mal epitope leads to a significant increase in the rela- 
tive binding affinity for the restricting class I molecule. 
Such short peptides, if present in the ER, might inhibit 
or modulate the presentation of epitopes to specific 
CTL in vivo, thereby possibly interfering with the clear- 
ance of infected cells. However, the observations re- 
ported here might be specific for this particular NP epi- 
tope, and it remains to be seen if similar obsen/ations 
are true of other CTL epitopes. 
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